Introduction {#section4-1753466619891529}
============

Chronic thromboembolic pulmonary hypertension (CTEPH) is a rare form of pulmonary hypertension associated with incomplete thrombus resolution, which leads to narrowing and obstruction of pulmonary arteries resulting in high pulmonary vascular resistance (PVR), increased right heart afterload and progression of heart failure if left untreated.^[@bibr1-1753466619891529][@bibr2-1753466619891529]--[@bibr3-1753466619891529]^

Available treatment methods include surgery \[pulmonary endarterectomy (PEA)\],^[@bibr4-1753466619891529][@bibr5-1753466619891529]--[@bibr6-1753466619891529]^ interventional therapy \[balloon pulmonary angioplasty (BPA)\]^[@bibr7-1753466619891529][@bibr8-1753466619891529][@bibr9-1753466619891529][@bibr10-1753466619891529]--[@bibr11-1753466619891529]^ and medical therapy (MT).^[@bibr12-1753466619891529]^ According to European Society of Cardiology (ESC)/European Respiratory Society (ERS) guidelines for the diagnosis and treatment of pulmonary hypertension, PEA in deep hypothermic circulatory arrest is the treatment of choice for technically operable patients with acceptable risk--benefit ratio.^[@bibr2-1753466619891529]^ Currently riociguat^[@bibr13-1753466619891529],[@bibr14-1753466619891529]^ is recommended for inoperable, persistent or recurrent CTEPH,^[@bibr2-1753466619891529]^ as the only approved drug therapy. However, other pulmonary hypertension specific drugs such as sildenafil,^[@bibr15-1753466619891529],[@bibr16-1753466619891529]^ bosentan,^[@bibr17-1753466619891529]^ macitentan^[@bibr18-1753466619891529]^ and treprostinil^[@bibr19-1753466619891529]^ are also used.^[@bibr12-1753466619891529]^ BPA may be considered in inoperable patients and patients with unfavourable risk--benefit ratio for surgery.^[@bibr2-1753466619891529]^ In line with current guidelines, a multidisciplinary team of experts should assess each patient's operability and individually choose the most suitable therapeutic strategy.^[@bibr2-1753466619891529]^ A CTEPH team should include physicians experienced in pulmonary hypertension, a cardiologist or pulmonary hypertension physician with expertise in echocardiography, an interventionalist experienced in right heart catheterization (RHC) and a radiologist. At least on-call expertise of a surgeon experienced in PEA should be provided.^[@bibr2-1753466619891529]^

Studies analysing patient subpopulations^[@bibr20-1753466619891529],[@bibr21-1753466619891529]^ qualified by a CTEPH team for various treatment options were published recently. Therefore, our study was aimed not only at analysing the profiles of patients consulted by the CTEPH team and the CTEPH team's decisions, but also to investigate implementation rates of introduced diagnostic and therapeutic strategies and to examine survival rates and clinical outcomes in different treatment groups.

Patients and methods {#section5-1753466619891529}
====================

Patients consulted by the CTEPH team were referred from a network of Polish pulmonary hypertension centres and had CTEPH diagnosis established according to current guidelines.^[@bibr2-1753466619891529]^ A total of 160 patients had been consulted between December 2015 and September 2018. Each patient was assessed as operable (candidate for PEA) or inoperable, with PEA being considered first-line treatment.^[@bibr2-1753466619891529]^ Patients were regarded as ineligible for surgery owing to high-risk comorbidities or surgically inaccessible localization of thromboembolic lesions. Inoperable patients were offered BPA procedures and MT. In case of patients with very small distal lesions confined to subsegmental pulmonary arteries on imaging, BPA was not performed. Other patients were assigned to combined therapy with MT and BPA. Those who refused BPA received MT alone.

Parameters such as World Health Organization (WHO) functional class, the plasma N-terminal pro-B type natriuretic peptide (NT-proBNP) level concentration and distance covered in the 6 min walk test (6MWT) were retrospectively analysed in all patients consulted by CTEPH team, in subgroups of operable and inoperable patients and in treatment subgroups. In addition, the haemodynamic parameters of pulmonary circulation measured by RHC according to current guidelines^[@bibr22-1753466619891529]^ were examined: right atrial pressure (RAP), mean pulmonary arterial pressure (mPAP), cardiac output (CO), cardiac index, pulmonary capillary wedge pressure (PCWP) and PVR. Frequency of CTEPH development risk factors such as history of acute pulmonary embolism, thrombophilia, cancer history or splenectomy was investigated in both patient subgroups. Moreover, the implementation rate of medical imaging types, upon which CTEPH team decisions were based, was examined. In addition, time periods from diagnostic RHC to CTEPH team evaluation and from CTEPH team evaluation to therapy initialization were measured.

Follow-up was performed at a median of 22 months after CTEPH team evaluation. In surviving patients, WHO functional class was reassessed. Introduced therapeutic methods were analysed. Persistent pulmonary hypertension after PEA was defined as mPAP \>25 mmHg by RHC after surgery. Causes of deaths were examined.

Survival analysis was performed for three subgroups of patients: patients treated with PEA, patients treated with BPA (who might have also received MT) and patients treated with MT alone (including patients who received no pulmonary hypertension targeted therapy). Change in WHO functional class was also compared in patients treated with different therapeutic strategies.

The study was conducted according to the Declaration of Helsinki and according to Polish law neither patient's consent nor approval of internal review board is required for retrospective analysis of available data.

Statistical analysis {#section6-1753466619891529}
====================

For continuous variables, data are presented as mean ± standard deviation (SD). Independent samples Student's *t* test and one-way analysis of variance (ANOVA) with *post hoc* Tukey's honestly significant difference test were used for comparison of two and multiple groups, respectively. For categorical variables, data are presented as number (%) and Pearson's chi-squared test was used for comparisons. The Kaplan--Meier method was used for survival analysis, groups were compared by the log-rank test and chi-squared test. *p* \< 0.05 was considered significant. Hazard ratios \[95% confidence interval (CI), *p* value\] were calculated using univariable Cox regression. Covariates were selected as potential inputs into the multivariable Cox regression as they fulfilled the inclusion criterium of a univariable *p* \< 0.05. All statistical analyses were performed using STATISTICA 13.1 (STATSOFT, Tulsa, OK, USA).

Results {#section7-1753466619891529}
=======

Diagnostic procedures and CTEPH team decisions {#section8-1753466619891529}
----------------------------------------------

Prior to the evaluation, patients underwent the following diagnostic procedures: RHC, pulmonary angiography, CT angiography, ventilation/perfusion lung scan (VQ scan) and magnetic resonance imaging (MRI); [Table 1](#table1-1753466619891529){ref-type="table"}. Median of time from diagnostic RHC to CTEPH team evaluation was 29 days (11--68 days).

###### 

Medical imaging techniques upon which CTEPH team decisions were based.

![](10.1177_1753466619891529-table1)

  **Variables**           ***n* (%)**
  ----------------------- -------------
  RHC                     160 (100%)
  Pulmonary angiography   160 (100%)
  CT angiography          139 (87%)
  VQ scan                 46 (29%)
  MRI                     2 (1%)

CT, computed tomography; MRI, magnetic resonance imaging; RHC, right heart catheterization; VQ scan, ventilation/perfusion lung scan.

A total of 51 patients (32%) out of 160 were assessed as operable and candidates for PEA whereas 109 (68%) were deemed inoperable: 46 (29%) because of the presence of high-risk comorbidities and 63 (39%) owing to distal localization of thromboembolic material, which is considered as surgically inaccessible^[@bibr6-1753466619891529]^ ([Figure 1](#fig1-1753466619891529){ref-type="fig"}). In the case of 10 patients (6%), the CTEPH team asked for an additional imaging study to choose the best therapeutic strategy upon re-evaluation.

![Therapy for patients evaluated by the CTEPH team.\
BPA, balloon pulmonary angioplasty; CTEPH, chronic thromboembolic pulmonary hypertension; MT, medical therapy alone; PEA, pulmonary endarterectomy; RIO, riociguat; SIL, sildenafil; X, no medical therapy.](10.1177_1753466619891529-fig1){#fig1-1753466619891529}

Baseline characteristics of operable and inoperable patients {#section9-1753466619891529}
------------------------------------------------------------

Baseline characteristics of patients assessed by the CTEPH team as operable and inoperable were analysed retrospectively. Operable patients were younger (56.7 ± 15.3 *versus* 66.3 ± 14.6, *p* \< 0.01) and had lower cardiac index (2.2 ± 0.4 l/min/m^2^ *versus* 2.5 ± 0.8 l/min/m^2^, *p* = 0.02) than those not amenable to surgery. There was no statistically significant difference with respect to other haemodynamic parameters, gender, NT-proBNP level concentration, distance covered in 6MWT, prevalence of thrombophilia, splenectomy, history of acute pulmonary thromboembolism or cancer between these two groups.

Introduced therapeutic procedures {#section10-1753466619891529}
---------------------------------

A total of 51 patients (32%) were assessed by CTEPH team as operable ([Figure 1](#fig1-1753466619891529){ref-type="fig"}). Subsequently, 31 (61% of operable patients) underwent PEA, 2 (4%) died before the intervention and 18 patients (35%) became candidates for other treatment options as they refused surgery (10 patients) or became ineligible for surgery owing to clinical worsening (8 patients). Out of 31 PEA patients, 6 were diagnosed with persistent CTEPH and required further treatment: 3 of them received sildenafil, 1 received riociguat and 2 were treated with riociguat and BPA. A total of 109 patients (68%) were deemed inoperable by the CTEPH team. Out of 127 patients who did not undergo PEA, as being primary or secondary inoperable or lacking consent ([Figure 1](#fig1-1753466619891529){ref-type="fig"}), 58 (46%) were treated with BPA and 69 (54%) were offered MT alone with sildenafil or riociguat. Average number of BPA sessions per patient was 4.4 ± 2.3. Among BPA patients 53 (91%) additionally received MT. Median times from CTEPH team evaluation to PEA, to first BPA procedure and to riociguat therapy initiation were 43 (19--154) days, 150 (55--292) days and 30 (7--118) days, respectively.

Characteristics of patients treated with PEA, BPA (with or without MT) and with MT alone {#section11-1753466619891529}
----------------------------------------------------------------------------------------

PEA, BPA and MT patients were 50.9 ± 14.7, 62.9 ± 15.1 and 68.9 ± 12.7 years old, respectively (*p* \< 0.01). *Post hoc* analysis showed that the PEA cohort was significantly younger than the BPA cohort (*p* \< 0.001) and MT cohort (*p* \< 0.001). The BPA cohort was also younger than the MT cohort (*p* = 0.04); see [Table 2](#table2-1753466619891529){ref-type="table"}. Patients subjected to PEA had suffered more often from thrombophilia than those subjected to BPA and treated with MT alone (8 (26%) *versus* 6 (10%) *versus* 4 (6%), *p* = 0.01). There was no significant difference with respect to gender, NT-proBNP level concentration, distance covered in 6MWT, splenectomy, history of acute pulmonary thromboembolism or cancer between the treatment groups ([Table 2](#table2-1753466619891529){ref-type="table"}). Patients in all treatment groups showed similar distribution of presented WHO functional class with slightly lower percentage in class IV of BPA than PEA patients and higher than MT patients ([Table 2](#table2-1753466619891529){ref-type="table"}). No significant difference was observed with respect to haemodynamic parameters ([Table 3](#table3-1753466619891529){ref-type="table"}).

###### 

Baseline characteristics of the 160 CTEPH patients treated with PEA, BPA (with or without MT) and with MT alone (riociguat/sildenafil).

![](10.1177_1753466619891529-table2)

  **Variable**                          **All patients (*n* = 160)**   **PEA (*n* = 31)**          **BPA (*n* = 58)**           **MT (*n* = 69)**           ***p* value**
  ------------------------------------- ------------------------------ --------------------------- ---------------------------- --------------------------- ---------------
  Age, years                            63.2 ± 15.4                    50.9 ± 14.7                 62.9 ± 15.1                  68.9 ± 12.7                 \<0.01
  Gender, female                        95 (59%)                       17 (55%)                    33 (57%)                     45 (65%)                    0.41
  History of acute pulmonary embolism   118 (74%)                      26 (84%)                    43 (74%)                     49 (71%)                    0.29
  Thrombophilia                         18 (11%)                       8 (26%)                     6 (10%)                      4 (6%)                      0.01
  Cancer history                        17 (11%)                       1 (3%)                      6 (10%)                      10 (14%)                    0.27
  Splenectomy                           10 (6%)                        1 (3%)                      6 (10%)                      2 (3%)                      0.28
  NT-proBNP, pg/ml                      2639 ± 3926                    1894 ± 2475                 3005 ± 4650                  2666 ± 3772                 0.47
  6MWT, m                               310 ± 128                      328 ± 131                   342 ± 142                    280 ± 354                   0.09
  WHO functional class I/II/III/IV      0/31(19%) /110(69%) /19(12%)   0/5(16%) /20(65%) /6(19%)   0/11(19%) /39(67%) /8(14%)   0/15(21%) /51(72%) /5(7%)   \-

BPA, balloon pulmonary angioplasty; CTEPH, chronic thromboembolic pulmonary hypertension; MT, medical therapy (riociguat/sildenafil) alone; NT-proBNP, N-terminal pro-brain natriuretic peptide; PEA, pulmonary endarterectomy; WHO, World Health Organization; 6MWT, 6-minute walk test.

Data are presented as mean ± SD or count (percentage).

###### 

Haemodynamics of the 160 CTEPH patients treated with PEA, BPA (with or without MT) and with MT alone (riociguat/sildenafil).

![](10.1177_1753466619891529-table3)

  **Haemodynamics**           **All patients (*n* = 160)**   **PEA (*n* = 31)**   **BPA (*n* = 58)**   **MT (*n* = 69)**   ***p* value**
  --------------------------- ------------------------------ -------------------- -------------------- ------------------- ---------------
  RAP, mmHg                   9.8 ± 5.4                      10.6 ± 6.7           8.7 ± 4.9            9.0 ± 5.2           0.29
  mPAP, mmHg                  46.7 ± 11.6                    48.1 ± 9.5           48.5 ± 10.7          44.6 ± 12.9         0.14
  PCWP, mmHg                  10.7 ± 3.7                     10.5 ± 3.4           10.8 ± 4.4           10.7 ± 3.1          0.92
  CO, l/min                   4.4 ± 1.3                      4.4 ± 1.3            4.3 ± 1.3            4.5 ± 1.4           0.81
  Cardiac index, l/min/m^2^   2.4 ± 0.7                      2.2 ± 0.5            2.3 ± 0.7            2.5 ± 0.8           0.16
  PVR, dyn·s/cm^5^            734 ± 357                      762 ± 328            763 ± 344            696 ± 376           0.53

BPA, balloon pulmonary angioplasty; CO, cardiac output; CTEPH, chronic thromboembolic pulmonary hypertension; mPAP, mean pulmonary artery pressure; MT, medical therapy (riociguat/sildenafil) alone; NT-proBNP, N-terminal pro-brain natriuretic peptide; PCPW, pulmonary capillary wedge pressure; PEA, pulmonary endarterectomy; PVR, pulmonary vascular resistance; RAP, right atrial pressure.

Data are presented as mean ± SD.

Follow-up {#section12-1753466619891529}
---------

Median follow-up time after CTEPH team for all the patients was 22 (16--30) months.

In the PEA group, 7 (23%) of 31 patients died during the follow-up period; 4 patients (13%) died in the hospital directly after the surgery (on days 1, 4, 11 and 21). Causes of death included reperfusion oedema, perioperative bleeding complication, persistent pulmonary hypertension, infection, stroke as well as unknown cause. In the BPA (+MT) subgroup, 5 patients (9%) died during the follow-up period as a result of pneumonia, renal failure, malignancy, death on day 1 following BPA procedure and a sudden death that could not be explained. In the MT subgroup, 14 patients (20%) died during the follow-up period. The main cause of death was progressive right heart failure and other causes included biventricular heart failure, infection, respiratory insufficiency, pulmonary haemorrhage, malignancy and sudden death that could not be explained.

Survival after CTEPH team evaluation in the subgroups treated with PEA, BPA and MT alone is presented with Kaplan--Meier curves in [Figure 2](#fig2-1753466619891529){ref-type="fig"}. The difference between survival of patients treated with BPA and those treated with PEA as well as the difference between survival of patients treated with BPA and those treated with MT alone are statistically significant (in both cases *p* = 0.04 in log-rank test). The 2-year survival for patients treated with BPA, PEA and MT alone was 92% (95% CI 85--99%), 79% (95% CI 64--94%) and 79% (95% CI 69--90%), respectively. Other patient characteristics that proved to be statistically significant correlates of mortality such as age, WHO functional class and RAP are presented in [Table 4](#table4-1753466619891529){ref-type="table"}.

![Survival after chronic thromboembolic pulmonary hypertension (CTEPH) team evaluation in patients treated with pulmonary endarterectomy (PEA), balloon pulmonary angioplasty \[(BPA) with or without medical therapy (MT)\] and with MT alone (riociguat/sildenafil).](10.1177_1753466619891529-fig2){#fig2-1753466619891529}

###### 

Correlates of mortality for all patients.

![](10.1177_1753466619891529-table4)

                               **Univariable regression**   **Multivariable regression**                       
  ---------------------------- ---------------------------- ------------------------------ ------------------- -------
  Age                          1.03 (1.00--1.06)            0.046                          1.03 (1.0--1.07)    0.041
  PEA *versus* BPA             3.08 (0.98--9.72)            0.055                                              
  MT *versus* BPA              2.78 (1.00--7.71)            0.050                                              
  BPA                          0.34 (0.13--0.90)            0.031                          0.35 (0.13--0.94)   0.037
  WHO FC IV *versus* II--III   3.10 (1.30--7.42)            0.011                          2.50 (1.00--6.27)   0.050
  RAP                          1.09 (1.04--1.16)            0.001                          1.13 (1.05--1.21)   0.001
  PVR                          1.10 (1.01--1.20)            0.029                                              

Cox univariable and multivariable regression.

BPA, balloon pulmonary angioplasty; CI, confidence interval; CTEPH, chronic thromboembolic pulmonary hypertension; WHO FC, World Health Organization functional class; HR, hazard ratio; PVR, pulmonary vascular resistance; RAP, right atrial pressure.

Change in WHO functional class following the treatment in these patient subgroups is presented in [Figure 3](#fig3-1753466619891529){ref-type="fig"}. Greatest improvement was noted at the follow-up in surviving patients who underwent PEA, 3.0 ± 0.6 *versus* 1.7 ± 0.8; in surviving patients subjected to BPA it was 2.9 ± 0.6 *versus* 2.3 ± 0.7, whereas in surviving patients treated with MT alone it was insignificant, 2.9 ± 0.5 *versus* 2.7 ± 0.7.

![Change in World Health Organization (WHO) functional class in patients treated with pulmonary endarterectomy (PEA), balloon pulmonary angioplasty \[(BPA) with or without medical therapy (MT)\] and MT alone (riociguat/sildenafil).](10.1177_1753466619891529-fig3){#fig3-1753466619891529}

Discussion {#section13-1753466619891529}
==========

Diagnostic procedures required by CTEPH team {#section14-1753466619891529}
--------------------------------------------

Prior to CTEPH team evaluation, all patients underwent RHC and pulmonary angiography, 139 (87%) received CT angiography and 46 (29%) VQ scan. A Korean single-centre retrospective analysis^[@bibr21-1753466619891529]^ found that in a subgroup of patients managed by a CTEPH team, implementation rates of RHC (97.6% *versus* 10.8%, *p* \< 0.001) and pulmonary angiography (97.6% *versus* 18.9%, *p* \< 0.001) were higher than in patients treated prior to the introduction of the CTEPH team. This is in line with our experience of a CTEPH team ensuring that necessary diagnostic procedures are performed prior to treatment initialization, in particular guaranteeing proper differentiation of CTEPH from other types of pulmonary hypertension.

Low rate of PEA {#section15-1753466619891529}
---------------

A total of 51 (32%) patients were assessed as eligible for PEA whereas 109 (68%) were deemed inoperable. This is a low rate of PEA qualification as compared with the international prospective registry in which 63% CTEPH patients were considered operable and 57% (between 12% and 61% in various countries) underwent surgery.^[@bibr23-1753466619891529]^ However in the pre-BPA era in our centre, 59% of CTEPH patients underwent PEA,^[@bibr24-1753466619891529]^ which is consistent with the international registry operability rates.^[@bibr23-1753466619891529]^ A decreasing proportion of patients undergoing surgery was also previously noted in a French study with an operability rate of 30% (146 out of 484 patients) in the BPA era.^[@bibr20-1753466619891529]^ Interestingly, Korean cohorts showed opposite evolution with 32.4% and 59.5% of CTEPH patients undergoing PEA prior to and after the introduction of a CTEPH team, respectively.^[@bibr21-1753466619891529]^

A significant number of patients (29%) were deemed inoperable owing to high-risk comorbidities that included chronic obstructive pulmonary disease, renal failure, morbid obesity, cachexia, concomitant left ventricular failure, coronary disease, untreated obstructive sleep apnoea, advanced cancer, frailty, antiphospholipid syndrome with thrombocytopenia, cerebral vascular disease, diabetes mellitus, cardiac arrythmias, carotid artery stenosis and liver cirrhosis. In our study as surgically inaccessible were regarded lesions confined to segmental and subsegmental arteries seen on imaging or a disease with an increase in PVR to a large extent caused by a distal vasculopathy. However, the final decision was subjective and depended on the experience of the surgical team. A relatively high proportion of patients (39%) were ineligible for surgery owing to a surgically inaccessible localization of thromboembolic disease. This observation may be explained by the fact that BPA interventions were started in Poland in 2013 and the riociguat approval and reimbursement program being introduced in 2015. Thus, patients who had been previously regarded as ineligible for PEA and for whom new treatment options emerged, might have been now referred to the CTEPH team contributing to a higher number of inoperable patients among the consulted cohort.

Among patients qualified for PEA, 18 (35%) did not undergo surgery. Some of them experienced clinical worsening prior to the procedure. Others were not willing to consider surgery which may be associated with reluctance to accept the risk of surgery or patients' increasing awareness of other emerging treatment options.

Importantly, eight patients who had not undergone surgery owing to clinical worsening were subsequently treated with MT alone and, thus, they could have negatively influenced the outcome of patients in MT group.

Differences between treatment subgroups {#section16-1753466619891529}
---------------------------------------

Significant age differences were noted between operable and inoperable patients (56.7 ± 15.3 *versus* 66.3 ± 14.6, *p* \< 0.01) and between different treatment groups (PEA, BPA and MT patients were 50.9 ± 14.7, 62.9 ± 15.1 and 68.9 ± 12.7 years old, respectively, *p* \< 0.01). Even though age alone should not be considered as a contraindication for PEA,^[@bibr25-1753466619891529]^ older patients more often suffer from severe comorbidities, which may be associated with unacceptable surgical risk--benefit ratio. Indeed, also in our study a substantial age difference was noted between patients deemed inoperable owing to high-risk comorbidities and those who qualified for surgery (73.0 ± 13.1 versus 56.7 ± 15.3, p \< 0.01). Age differences between various treatment groups noted in our cohort are consistent with observations from a French report^[@bibr20-1753466619891529]^ analysing patients subjected to PEA and BPA (60 ± 14 *versus* 64 ± 14 years, *p* \< 0.01) and the international registry of 697 CTEPH patients in the pre-BPA era who did or did not receive surgery (60 *versus* 67 years).^[@bibr26-1753466619891529]^

In our analysis, patients assessed as operable by the CTEPH team had lower cardiac index than inoperable patients. In the international CTEPH pre-BPA era registry, cardiac index was lower in patients who received surgery than those who did not.^[@bibr26-1753466619891529]^ Similarly, in Amsallem's study, cardiac index in PEA patients was lower than in BPA patients.^[@bibr20-1753466619891529]^ However, a comparison between our patient subgroups ultimately subjected to three different therapeutic strategies showed no significant differences with respect to cardiac index or any other haemodynamic parameters ([Table 3](#table3-1753466619891529){ref-type="table"}). In addition, patients subjected to PEA had more often suffered from thrombophilia than those subjected to BPA and treated with MT alone (8 (26%) *versus* 6 (10%) *versus* 4 (6%), *p* = 0.01) ([Table 2](#table2-1753466619891529){ref-type="table"}), which is in line with a previous study (thrombophilia prevalence of 17.6% in PEA patients *versus* 10.7% in BPA patients, *p* = 0.04).^[@bibr20-1753466619891529]^ In addition, higher rates of splenectomy were previously described for patients undergoing BPA than PEA (9.6% *versus* 1.4%, *p* \< 0.01)^[@bibr20-1753466619891529]^ Our data suggest a similar trend but without statistical significance (splenectomy in 1 (3%), 6 (10%) and 2 (3%) of patients who were treated with PEA, BPA and MT, respectively, *p* = 0.28).

Combination of treatment modalities {#section17-1753466619891529}
-----------------------------------

The CTEPH team decides whether patients should be qualified for surgery, but as presented in [Figure 1](#fig1-1753466619891529){ref-type="fig"}, real-life therapeutic management is far more complex and often involves polytherapy and further decisions concerning multiple BPA sessions and pharmacological treatment. PEA was regarded as a treatment of choice. Inoperable patients were offered BPA procedures and pharmacotherapy, that is, mainly riociguat (53%) or sildenafil (18%). BPA patients underwent multiple BPA sessions, as a recent study showed that extensive revascularization by BPA improves clinical outcome.^[@bibr27-1753466619891529]^ Taking into consideration how diverse treatment combinations were used ([Figure 1](#fig1-1753466619891529){ref-type="fig"}) there were many possible ways of splitting patients into subgroups for the comparison of treatment outcomes. We decided to perform follow-up on three groups of patients as presented in [Figure 1](#fig1-1753466619891529){ref-type="fig"}.

Comparison with the pre-CTEPH team era {#section18-1753466619891529}
--------------------------------------

Prior to the introduction of the BPA program and the CTEPH team, an analysis of introduced therapeutic strategies and their long-term outcomes in 112 consecutive patients with CTEPH referred to our centre between 1998 and 2008 had been performed.^[@bibr24-1753466619891529]^ Treatment strategies had been limited to PEA and off-label targeted MT with sildenafil, bosentan, iloprost or treprostinil, as no interventional treatment procedures had been performed at the time.

A total of 59% of patients had undergone PEA and 41% remained on MT alone, which in comparison with our current cohort shows a decline in the number of patients receiving surgery.

In the previous study patients' inoperability was caused by distal localization of lesions in 26%, by comorbidities in 9%, by patient's refusal in 5% and by death prior to the surgery in 1% of all the referred patients. In our current cohort, patients were considered primary or secondary inoperable owing to the distal localization of lesions, high-risk comorbidities, refusal, clinical exacerbation and death prior to the surgery in 29%, 39%, 6%, 5% and 1% of cases, respectively. The higher number of patients currently ineligible for surgery owing to high-risk comorbidities may be partially explained by the older age of the current CTEPH population (63.2 ± 15.4 versus 53.9 ± 14.7). The introduction of a new interventional procedure may also negatively affect implementation rates of surgery. In addition, an interventional cardiologist's participation in patient evaluation by the CTEPH team could be potentially associated with a lower rate of surgery qualification.

Survival analysis {#section19-1753466619891529}
-----------------

Survival significantly better than in the other groups was noted for the patients in the BPA subgroup ([Figure 2](#fig2-1753466619891529){ref-type="fig"}). This can be explained by high in-hospital mortality in patients who underwent PEA: 4 patients (13%). Other centres reported perioperative mortality in the range 3.4--12.5%,^[@bibr20-1753466619891529],[@bibr21-1753466619891529],[@bibr26-1753466619891529],[@bibr28-1753466619891529]^ and the international CTEPH registry showed in-hospital mortality rates of 3.4%, 4.5% and 8.8% in centres performing more than 50, 11--50 and 1--10 PEAs per year, respectively.^[@bibr26-1753466619891529]^ The University of California San Diego Medical Center, the most experienced institution in PEA, reported in-hospital mortality for the last 500 operations as low as 2.2%.^[@bibr4-1753466619891529]^

This high perioperative mortality rate is confounding especially when compared with our previous report analysing the results of PEA performed by the same surgical team and revealing a drop in perioperative mortality between the periods 1998--2004 and 2004--2008 (from 9.7% to 6.3%).^[@bibr24-1753466619891529]^ Results observed in current cohort may be attributed to the small sample size, that is, only 31 patients receiving surgery. Among previously identified PEA mortality risk factors the most important is preoperative PVR^[@bibr4-1753466619891529],[@bibr6-1753466619891529],[@bibr29-1753466619891529],[@bibr30-1753466619891529]^ with PVR higher than 1000 dynes/s/cm^--5^ associated with 3--4 times higher mortality.^[@bibr4-1753466619891529]^ Other previously described independent risk factors for in-hospital mortality include distance covered in 6MWT,^[@bibr29-1753466619891529]^ cardiac index^[@bibr29-1753466619891529]^ and post-operative PVR.^[@bibr28-1753466619891529]^ However, in our cohort these parameters were not significantly worse in surgical than in nonsurgical patients. PVR of 762 ± 328 WU in patients subjected to surgery was not significantly worse than those reported previously in patients undergoing PEA.^[@bibr4-1753466619891529],[@bibr6-1753466619891529],[@bibr20-1753466619891529],[@bibr24-1753466619891529],[@bibr28-1753466619891529]^ However, 6MWT distance of 328 ± 131 m was slightly lower than values normally described in operated patients such as 371 ± 124 m^20^ or 353 ± 134 m^24^ or contrasting 350 m in hospital survivors *versus* 290 m in hospital nonsurvivors.^[@bibr28-1753466619891529]^ This might suggest that lower functional capacity in our patients might have contributed to high perioperative mortality.

WHO functional class improvement {#section20-1753466619891529}
--------------------------------

Improvement in WHO functional class at the follow-up in surviving patients who underwent PEA was much higher than for other treatment strategies ([Figure 3](#fig3-1753466619891529){ref-type="fig"}), which is consistent with studies reporting CTEPH patients' substantial clinical improvement following surgery.^[@bibr24-1753466619891529],[@bibr28-1753466619891529],[@bibr31-1753466619891529]^

Role of BPA and MT in CTEPH {#section21-1753466619891529}
---------------------------

Importantly, our analysis showed also better survival of patients treated with BPA and MT than with MT alone (*p* = 0.04). The 2-year survival in these groups was 92% *versus* 79%. Both groups have significantly lower mortality rates than our 1998--2008 medically treated CTEPH cohort in which 2-year survival was 68%,^[@bibr24-1753466619891529]^ which shows the progress made in 20 years in treatment of nonoperable CTEPH patients enabled by the development of pulmonary hypertension-specific pharmacotherapy and interventional methods. Excellent BPA outcomes were previously reported in a Japanese multicentre registry with BPA survival rates of 96.8% and 94.5% after 2 and 3 years, respectively, which is comparable with the survival of PEA patients at experienced centres.^[@bibr32-1753466619891529]^ This indicates that BPA has become an important treatment option for carefully selected patients. Recently, riociguat has acquired a recommendation in the case of inoperable CTEPH.^[@bibr2-1753466619891529],[@bibr13-1753466619891529],[@bibr14-1753466619891529]^ The ongoing randomized prospective RACE study ([ClinicalTrials.gov](http://ClinicalTrials.gov) identifier: NCT02634203) comparing BPA with riociguat treatment in nonoperable CTEPH patients may enable a direct comparison between these two treatments. However, in our opinion they should not be seen as alternatives, but rather as complementary methods. Even though further research is needed to objectively assess the outcomes of this polytherapy, it could prove to be valuable in particular for inoperable patients.

Interestingly, a recent study showed that even though in patients treated before 2008 PEA enabled significantly better survival than medication, in a group of CTEPH patients who initiated treatment in 2009--2016, no difference in survival between PEA, BPA and medication was observed.^[@bibr33-1753466619891529]^ With recent cases of patients treated with both PEA and BPA,^[@bibr34-1753466619891529],[@bibr35-1753466619891529]^ it has been suggested that in the future some patients may benefit most from various combinations of surgical therapy, percutaneous therapy and MT.^[@bibr5-1753466619891529]^

Study limitations {#section22-1753466619891529}
-----------------

Our study is limited by its retrospective and nonrandomized nature. Our observations about patient survival and changes in WHO functional class are subject to strong selection bias as qualification for surgery is not a randomized process. In fact, high-risk comorbidities were the very reason for patients to be deemed inoperable. As a result, non-PEA groups have included a disproportionately high number of high-risk patients.

In addition, the possible contribution of the recent introduction of riociguat and the BPA program to the higher prevalence of the distal form of CTEPH is another important limitation.

The fact that many patients were subjected to more than one treatment strategy makes comparison between separate treatment options difficult and specific treatment combination groups are too small for a comparison of treatment outcomes. Lack of RHC data at the follow-up prevents more comprehensive comparison of treatment outcomes.

Current analysis might be biased by a difficult to explain high death rate in the PEA subgroup.

A CTEPH team constitutes a current standard according to the ESC guidelines.^[@bibr2-1753466619891529]^ Its implementation has probably improved and coordinated the complex CTEPH treatment. Comparison between patients evaluated by a CTEPH team and those not subjected to this strategy has been limited by the amount of data gathered in our previous study.

Conclusion {#section23-1753466619891529}
==========

A CTEPH team ensures that procedures necessary for the diagnosis and choice of a suitable therapeutic strategy are performed. A relatively low proportion of patients were assessed by the CTEPH team as operable and underwent surgery as compared with previous reports. Those who survived PEA had better functional improvement than patients treated with other methods. Even though patients undergoing BPA with MT were older than patients treated with PEA and had potentially more high-risk comorbidities, their survival was better than the survival of patients subjected to PEA or MT alone.
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